The purpose of this study was to assess differences in health care resource utilization and costs associated with once-daily and twice-daily proton pump inhibitor (PPI) therapy. Most patients with gastroesophageal reflux disease (GERD) achieve symptom control on once-daily PPI therapy, but approximately 20%-30% require twice-daily dosing. Patients were continuously eligible for 12 months before and after the index date (date of first PPI claim). Based on PPI dosing throughout the post-index period (quantity of medication dispensed/number of days supply), patients were classified as once-daily (dose  1.5 pills per day) or twice-daily ($1.5) PPI users. Results: The study cohort included 248,386 patients with GERD (mean age 52.8 ± 13.93 years, 56% females) of whom 90% were once-daily and 10% were twice-daily PPI users. The DeyoCharlson Comorbidity Index for once-daily and twice-daily PPI users was 0.70 ± 1.37 and 0.89 ± 1.54, respectively (P , 0.05). More once-daily patients had claims for Barrett's esophagus (5% versus 2%, P , 0.0001) than twice-daily patients. Post-index, higher proportions of twicedaily patients had at least one GERD-related inpatient visit (7% versus 5%), outpatient visit (60% versus 49%), and office visit (48% versus 38%) versus once-daily patients (P , 0.0001). Mean total GERD-related health care costs were $2065 ± $6636 versus $3749 ± $11,081 for once-daily and twice-daily PPI users, respectively (P , 0.0001). Conclusion: Patients receiving twice-daily PPI therapy were likely to have more comorbid conditions and greater health care utilization and overall costs compared with patients using once-daily PPI therapy.
Introduction
Gastroesophageal reflux disease (GERD) is a highly prevalent gastrointestinal condition, and approximately 20% of the US population aged 25-74 years have reported experiencing GERD-related symptoms one or more times per week. 1 It is associated with substantial impairment of health-related quality of life, decreased productivity, and considerable social and economic burden. [2] [3] [4] Approximately 10% of patients with GERD have attributed work absences to the condition. 5, 6 Since 2006, GERD has been the most common gastrointestinal-related diagnosis in outpatient office visits, accounting for approximately 5% of all visits in the ambulatory setting. 2, 3, 7 Proton pump inhibitors (PPIs), which have emerged as the drugs of first choice for GERD treatment, are indicated for once-daily dosing based on efficacy data from clinical trials conducted with daily dosing. 8 Even though there is no evidence of improved efficacy at higher doses, 9 twice-daily PPI dosing is not uncommon in clinical practice. 8 There are limited published data regarding demographic factors for twice-daily PPI users, but twice-daily use has been associated with refractory GERD, 10, 11 erosive esophagitis, 12 and laryngeal manifestations. 13, 14 Practice guidelines updated in 2005 by the American College of Gastroenterology state that it is reasonable to increase the dose of PPI beyond the approved dose in conditions of noncardiac chest pain, and in patients with partial response or breakthrough symptoms on standard doses, among others. 15 In a recent survey-based study, Chey et al used self-reported patient data to evaluate utilization patterns for prescription PPIs and other GERDrelated medications among patients in a mixed-model Health Maintenance Organization plan. Of the 617 patients who completed the survey, 71% used PPIs once daily, 22.2% used PPIs twice daily, and 6.8% took PPIs more than twice a day on an as-needed basis; there was no significant demographic difference associated with twice-daily use of PPIs. 16 Ahmed et al, examining the difference in practice patterns between ear, nose, and throat physicians (n = 782) and gastroenterologists (n = 565) in the management of GERD-related laryngitis by physician survey, found that more than 70% of ear, nose, and throat physicians empirically prescribed oncedaily PPI, while 57% of the gastroenterologists prescribed twice-daily PPI (P , 0.001). 13 A recent study by Gerson et al found that 12% of treatment-responsive GERD patients required twice-daily therapy, compared with 30% of patients considered refractory. 17 Despite prior studies describing dosage patterns and costs for GERD patients treated with PPIs, 2-4 patient factors associated with PPI dosing and the potential economic impact of twice-daily treatment have not been fully assessed. The purpose of this study, which queried administrative claims in a large managed care database containing linked medical and pharmaceutical data, was to determine the differences in health care resource utilization and costs among GERD patients using once-daily versus twice-daily PPI therapy.
Materials and methods

Data source
This was a retrospective cohort study that utilized the HealthCore Integrated Research Database (HIRD SM ), an administrative claims repository that includes medical, pharmacy, and eligibility information for approximately 35 million commercially insured lives. The HIRD contains a broad, clinically rich spectrum of longitudinal claims data from 14 health maintenance organizations, point-of-service, preferred provider organizations, and indemnity plans in the northeastern, southeastern, mid-Atlantic, midwestern, and western regions of the US. This study included complete medical and pharmacy claims from the HIRD for claims submitted from January 1, 2004 through June 30, 2009. All the materials used in this nonexperimental retrospective study were handled in strict compliance with the Health Insurance Portability and Accountability Act of 1996. Patient confidentiality was preserved and the anonymity of all patient data was safeguarded throughout the study.
Patient sample
To be included in the study, patients were required to have at least one medical claim with an International Classification of Diseases, 9th edition (ICD-9) code for GERD (530. 10 Categorization of once-daily and twice-daily PPI users PPI usage patterns were assessed each month during the 12-month post-index period and subsequently quarterly in order to determine dosage levels in the follow-up period. Based on the PPI dosing regimen, calculated as the ratio of the quantity of medication dispensed divided by the number of days supply, the once-daily regimen was defined as any ratio , 1.5 and twice-daily dosing was defined as any ratio $ 1.5. The reason for this designation was based upon the fact that some patients prescribed once-daily dosing may use higher doses on occasion, while some patients prescribed twice-daily PPI may not be compliant on a daily basis with twice-daily dosing. Using this formula, patients who had submit your manuscript | www.dovepress.com Dovepress Dovepress twice-daily dosing for at least 4 months in the follow-up period were considered twice-daily users for all outcomes of interest. Patients who did not receive PPI medication during a particular quarter were not captured in the dataset for either twice-daily or once-daily dosing for that quarter or used in any analyses, and were classified as nonusers. As part of the cut point selection process, we conducted a sensitivity analysis with different cut point criteria for twice-daily and once-daily PPI use.
Outcome measures
Demographic and clinical measures included age, gender, health plan type, physician specialty, geographic region, comorbid conditions, Deyo-Charlson Comorbidity Index, and the index PPIs of the study subjects. While the timing of PPI administration is an important factor regarding clinical efficacy for all PPIs except for dexlansoprazole, we were unfortunately not able to capture information regarding timing of PPI for patients in this study. In addition, we were unable to capture information regarding grade of esophageal injury, if any, during endoscopic examinations that might have been performed. The outcome measures were overall and GERD-related health care resource utilization and costs for once-daily and twice-daily PPI users in the 12-month post-index period. Both health care utilization and cost computations included inpatient admissions, emergency room and/or physician office visits, outpatient services, and pharmacy claims. Patients aged 65 years and older were excluded from all cost analyses, because the administrative claims data captured were for commercially insured patients only (ie, no capture of Medicare data).
Statistical analysis Univariate analyses
Differences in treatment patterns between the once-daily and twice-daily dosing groups were evaluated using either Chi-square, Wilcoxon rank-sum, or Kruskal-Wallis tests in accordance with the distribution of the observed data. Descriptive statistics, using the nonparametric MannWhitney U test for overall and GERD-related health care utilization and costs, were determined for the 12-month pre-index and post-index periods.
Multivariate analyses
Comparisons of resource utilization and costs for the two groups were evaluated using a generalized linear model to account for the non-normal distribution and skewed nature of the data. A two-part regression model was used to assess covariates (including age, gender, region, presence of Barrett's esophagus, distal contractile integral score, and twice-daily or once-daily PPI use) predicting for overall and GERD-related total costs. SAS version 9.3 software (SAS Institute, Cary, NC, USA) was used for all analyses in this study.
Results
Demographic and clinical characteristics
Based on the eligibility requirements, 248,386 subjects were categorized as GERD patients; 90% were classified as once-daily and 10% as twice-daily PPI users. The sensitivity analysis using different cut point criteria for twice-daily and once-daily PPI categorization revealed no statistically significant differences. With regard to the demographic characteristics for the 12-month pre-index period, Table 1 shows that the mean age of patients on once-daily treatment was 52.67 ± 13.97 years and for the twice-daily-treated patients was 53.89 ± 13.53 years (P , 0.0001). Females comprised 55.21% and 58.21% in the once-daily and twice-daily treatment groups, respectively (P , 0.0001). Primary care physicians constituted the largest group of prescribers, at 62.84% for patients in the once-daily group and 51.34% for patients in the twice-daily group (P , 0.0001). Gastroenterologist services were sought by a smaller proportion of patients (13.72% in the once-daily group and 22.31% in the twice-daily group, P , 0.0001). The geographic distribution of patients was roughly similar in the central, southeast, and northeast regions of the US. There appeared to be a greater number of patients from western regions on twice-daily therapy (P , 0.0001), and more twice-daily patients were likely to be on lansoprazole (34.7%) and pantoprazole (24.3%) than on esomeprazole, omeprazole, or rabeprazole. Table 2 reports the comorbidities and medication utilization patterns among twice-daily and once-daily patients in the 12-month pre-index period. Patients using PPI twice daily were more likely to have comorbidities and use other comorbidity-related medications. The mean Deyo-Charlson Comorbidity Index scores for the once-daily and twice-daily groups during this period were 0.70 ± 1.37 and 0.89 ± 1.54, respectively (P , 0.0001). In total, 2.1% of once-daily patients had medical claims for Barrett's esophagus compared with 5.0% of twice-daily patients (P , 0.0001). A substantial proportion of patients used PPIs and/or histamine 2 receptor antagonists in the pre-index period, indicating that not all patients were naïve to antisecretory therapy. Post-index health care utilization and costs
Pre-index comorbidities and medications
Overall all-cause utilization
Overall health care utilization was greater for twice-daily PPI users, as shown in Figure 1 . During the 12-month post-index period, all-cause utilization of inpatient hospitalizations and emergency room visits was slightly but significantly higher in the twice-daily group, with about one fifth of all patients incurring at least one visit. Use of outpatient services and physician office visits was highly prevalent; almost all patients in both groups made at least one outpatient visit. Similarly, almost all once-daily and twice-daily patients had at least one physician office visit in the 12-month postindex period.
GERD-related utilization
In the 12-month post-index period, significantly greater GERD-related health care resource utilization was reported for patients on twice-daily versus once-daily doses for inpatient hospitalizations, emergency room visits, outpatient services, physician office visits, and endoscopy procedures ( Figure 2 ). The most remarkable differences in GERD-related utilization were seen in outpatient visits, physician office visits, and endoscopy procedures.
Total overall cost
Patients on twice-daily dosing incurred significantly greater all-cause costs for outpatient services, physician office visits, pharmacy claims, and emergency room visits in the 12-month post-index period (Figure 1 ). The mean overall costs associated with the twice-daily dosing group were almost 45% higher for outpatient services and almost 50% higher for physician office visits. The mean pharmacy cost was also about 60% greater for patients on twice-daily dosing versus those on once-daily dosing, and the mean cost for all-cause inpatient hospitalizations was roughly one third higher for the twice-daily dosing group.
GERD-related costs
Patients on twice-daily dosing had significantly higher GERD-related post-index health care costs than once-daily patients for outpatient services, physician office visits, endoscopy procedures, and pharmacy expenditure (Figure 2 ). Expenditure was more than two thirds higher for patients on submit your manuscript | www.dovepress.com
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twice-daily dosing in all categories except for emergency room visits. The mean total GERD-related costs in the postindex period for patients on twice-daily dosing were almost twice that of patients on once-daily dosing ($3749 versus $2065, respectively, P , 0.0001).
Multivariate results
The results of the generalized linear model for overall costs during the post-index period showed that patients on twice-daily dosing incurred significantly higher mean costs, after controlling for age, gender, Deyo-Charlson Comorbidity Index score, and diagnosis of Barrett's esophagus (Table 3 , model 1). Similarly, and after controlling for the same variables, the generalized linear model for post-index GERD-related expenditure showed significantly higher costs for patients on twice-daily dosing (Table 3 , model 2).
The generalized linear model showed that patients on twice-daily dosing had 37% higher annual total health care costs compared with once-daily users, with once-daily users having an annual cost of $10,269 versus $14,061 for patients on twice-daily dosing. Further, a two-part regression model showed that patients on twice-daily dosing had 56% higher annual GERD-related costs compared with once-daily users, with total annual GERD-related costs of $1269 in once-daily users and $2266 in patients on twice-daily dosing (Table 3) .
Discussion
Prior studies have demonstrated significant costs related to management of patients with GERD compared with controls. The burden of direct and indirect costs has been estimated to be approximately $10 billion a year in the US. 3, 18 One retrospective study from 2001 to 2004 utilized a large employer 
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database to evaluate GERD-related costs among 11,653 eligible employees with a primary, secondary, or tertiary diagnosis of GERD. Among these patients, the total health care-related costs were greater by $3355 for patients with GERD compared with those without the condition ($6878 versus $3522, respectively). 19 In addition, the study found that overall medical costs for GERD-afflicted employees were $2318 (119%) higher than for workers without the condition. A breakdown of expenditure showed that direct medical costs were 65%, prescription drugs were 17%, and indirect costs were 19% of total disease-related expenditure.
Few studies conducted in sizeable patient databases have examined the proportions of patients with GERD treated with once-daily or twice-daily PPI therapy, and some have estimated different aspects of the costs incurred by such patients. [2] [3] [4] There is a marked absence of data regarding the demographic factors, health care resource utilization, and costs attributable to once-daily and twice-daily PPI use. The current study has attempted to address this gap by studying a large population of patients with GERD who were prescribed PPI medications, predominantly with once-daily usage but with a substantial segment (n = 25,627, or 10% of the cohort) using twice-daily PPI, which allowed for meaningful comparisons. Our results indicate that twice-daily use was associated with significantly higher utilization of health care resources and associated costs for inpatient hospitalizations, emergency room visits, outpatient services, physician office visits, endoscopy procedures, and pharmacy services.
While the proportion of patients using twice-daily PPI therapy was lower in our study than in the reported literature, the differences may be accounted for by varying study designs. 16 Our study identified patients using medical and pharmacy claims to define patients with GERD, whereas previous studies have used self-reported survey data. Additionally, once-daily and twice-daily categorization was defined using information from the entire follow-up period, 
Dovepress not solely information reported on the index date. While this approach has not been reported in the literature, it has allowed for a more robust group assignment by capturing the treatment patterns for the entire year after initiation of PPI therapy. Given that the prevalence of twice-daily users may vary in different populations, partially related to the reasons stated above and practice management styles, the key point of this paper is the marked difference in health care utilization and costs for patients using twice-daily PPI therapy.
Patients with GERD who were on twice-daily PPI dosing had significantly more comorbidities, as indicated by their Deyo-Charlson Comorbidity index scores. Compared with once-daily PPI users, a greater proportion of twice-daily PPI users also had medical claims for Barrett's esophagus. While there is no consensus about the treatment of Barrett's esophagus, many patients are prescribed twice-daily PPIs as a first-line therapy and may stay on this course of treatment in order to reduce the future risk of dysplasia and/or adenocarcinoma. 15, 20, 21 However, the majority of the patients did not have a Barrett's esophagus claim during the identification period, and can be reliably assumed to have taken a PPI for their GERD-related symptoms.
In this retrospective cohort study, we reported the clinical and demographic characteristics and health care utilization and costs for a large cohort of commercially insured patients on PPI therapy for GERD. We observed significant differences in the utilization of health care services between the patients treated once daily and twice daily. A smaller proportion of patients on once-daily dosing in this analysis required hospitalization, emergency room visits, outpatient services, physician office visits, and endoscopy procedures. Patients on once-daily dosing incurred significantly lower costs for emergency room visits, outpatient services, physician office Notes: GERD-related health care utilization and costs were higher for patients receiving twice-daily dosing than those receiving once-daily dosing. *P , 0.01; † P , 0.0001. Abbreviations: BID, twice daily; ENDO, endoscopy procedures; ER, emergency room visit; GERD, gastroesophageal reflux disease; INP, inpatient hospitalization; OUT, outpatient service; OV, physician office visit; QD, once daily; Rx, pharmacy prescriptions.
submit your manuscript | www.dovepress.com Dovepress Dovepress visits, and endoscopy services. Although the costs associated with patients on once-daily doses for inpatient hospitalization were lower than those for patients on twice-daily doses, the difference was not statistically significant. Overall, the total GERD-related costs in the post-index period were significantly greater for patients on twice-daily doses in comparison with those on once-daily doses.
While symptom control was not assessed in the course of this study, there may be unobserved factors that can impact the therapeutic option (once-daily versus twice-daily), which, as our study demonstrates, provides evidence on the differences in cost and health care utilization of twice-daily versus once-daily users. The results demonstrate that patients on twice-daily doses may have had more severe disease, and that there were differences in cost and utilization. However, there is evidence to suggest that most patients with GERD treated twice daily can be successfully stepped down to once-daily PPI therapy, 22 which would decrease the overall medication cost. For this reason, it may be worthwhile evaluating patients who use PPIs twice-daily on a regular basis to assess any potential clinical and cost benefits that may result from changing their medication patterns.
Limitations of our analysis include the fact that we were unable to collect information regarding timing of PPI administration, which may have affected clinical efficacy. In addition, we were not able to obtain data regarding the presence or absence of erosive esophagitis. Also, the claims data used in this study did not explicitly describe disease severity, and because of limits in the study timeline, it was not possible to ascertain the duration of disease among the subjects. Claims data have inherent limitations, the most substantial of which may be the absence of randomization between treatment cohorts. In this analysis, we used a number of statistical tools to adjust for this acknowledged bias. In addition, the claims data may have had coding errors and unintentional duplications, among other handling issues. In this study, the absence of pharmacy claims was used as the basis for measuring noncompliance. However, because of the reliance on claims data, it cannot be definitively stated that patients were not on another kind of GERD medication (such as over-the-counter formulations) and that the patient did not receive medication from another source (eg, samples from a family physician). Twice-daily and once-daily dosing and switching among PPIs and among Notes: *Generalized linear model was used to estimate the total all cause costs using an underlying gamma distribution with log link function; **two-part regression model was used to estimate the GERD-related costs. Abbreviations: BID, twice daily; CI, confidence interval; GERD, gastroesophageal reflux disease; OR, odds ratio; QD, once daily; ref, reference; std, standard.
submit your manuscript | www.dovepress.com
doses could also be driven by insurance-related factors. The reasons for switching in our study population were not identifiable.
Conclusion
In this study, patients on twice-daily PPIs had greater comorbidities and incurred greater total and GERD-related health care utilization and costs. Because PPIs are typically the treatment of choice for GERD, the differences associated with once-daily versus twice-daily dosing regimens with regard to treatment costs and resource utilization as shown here may have important implications for future treatment decisions.
